to the topography with the current maximum exceeding 70 cm s -1. Currents within the DWBC core followed the topography, and the close agreement between the mean current direction and the direction of maximum variance indicated that the major contribution to the DWBC variability near the equator was due to pulsing rather than meandering. For mean transports of upper and middle NADW, the current meter records were averaged over their deployment duration yielding a best estimate of 13 Sv in the depth range 1000 to 3100 m. The mean transport appeared robust, as subsets of the data from two different years yielded about the same mean transport, namely, 12.4 and 13.6 Sv. The DWBC transport time series showed a definite seasonal cycle, ranging from less than 7 Sv during September/October to about 25 Sv during January/February. Annual and semiannual transport harmonics had similar amplitudes, at about 6 Sv each, and together they explained about two thirds of the total transport variability. After crossing the equator, the DWBC splits into two cores with the major flow along a chain of seamounts near 3.5øS, near 35øW. Magnitudes and phases of the transport variability at 35øW, south of approximately 1.5øS, were similar to that at 44øW. Further, for the flow of lower NADW which was detached from the upper DWBC core, similar periodicity and phases were observed in the deep records at 44øW.
Introduction
The Deep Western Boundary Current (DWBC) and its associated transports of North Atlantic Deep Water (NADW) have received increasing attention in the past decade. Current meter records have been analyzed to determine the regional mean DWBC transport and its variability on timescales shorter than a year. Several recent investigations have revealed intraseasonal to interannual variability of the DWBC. Underneath the Gulf Stream near Cape Hatteras, Pickart and Watts [1990] showed that besides the presence of energetic topographic Rossby waves at 40-day periods, there were [1992] from hydrographic sections between the equator and the Caribbean.
It is only a small fraction of the lower NADW found at the Demerara Rise [Johns et al., 1993 ] that passes through the 4000-m-deep passage west of Ceara Rise (Figure 1 ). An isolated current core away from the topography was found south of Ceara at 44øW, 1ø30'N in the moored current meter records of $chott et al. [1993] . 
Numerical investigations of the seasonally forced World Ocean Circulation Experiment-Community Modeling
Effort (WOCE-CME) by BSning and $chott [1993] revealed variability at different timescales at the NADW depth level (1875 m). The zonal current component at the equator showed seasonal fluctuations which were associated with Rossby waves induced by the seasonally varying wind field over the equator. Near 44øW there were also hints of a semiannual period, although not specifically analyzed in that paper. Higher-frequency fluctuations occurred in the meridional current component at periods near 45 days. These had the characteristics of Rossby-gravity waves (Yanai-waves) and according to Cox [1980] Figure 1 , and their instrument distribution is displayed in Figure 2 .
The first array, moorings K327-K329, was deployed from September 1989 to October 1990, and the second array, moorings K339-K341, from October 1990 to September 1991. Results from these two deployment periods were presented by $chott et al. [1993] . In that paper the focus was on mean and seasonal transports of the upper layer flow and on mean transports associated with the DWBC. The spatial distribution of the moorings for each of the first two deployment periods was not adequate to resolve the DWBC; during both deployments only the near coastal mooring was within 0m   1000m   2000m   3000m   4000m   I  I  I  I  I  I   K339  K340  K328  K341   K327 K359  K360  K361  K329   I  I  I  T By comparing this direction with the bottom topography in Figure 1 (see arrow at 44øW), it is evident that the DWBC followed the bathymetry upstream of the array. The close agreement between the mean current direction and the direction of maximum variance indicates that the DWBC variability was due to pulsing rather than meandering of the currents across the array. This is important for transport calculations, as will be shown later.
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Maximum along-shore currents were around 70 cm s and occurred in the 1700-1800 m depth range. In the data from the third deployment the current maximum was in July but confined to mooring K359 closest to the continental slope (Figure 3 
30-day periods (see also $chott et al. [1993]). Besides the higher energy level near the shelf (mooring K359)
at all frequencies, it was the 25-to 30-day variability that dominates the shorter-period variance in all three levels of the DWBC (1500, 1800, and 2100 m). There was remarkably little energy at periods below 25 days in the alongshore currents. In this range the energy was concentrated in the cross-flow component with a pronounced peak at 15-day periods.
Low-Frequency Variability' Harmonic Analysis
Annual and semiannual contributions to alongshore currents in the core of the DWBC (Table 3) (Table 3 ). The semiannual phase (212 ø averaged over the four instruments) was similar to that of the upper DWBC core, while the annual phase (161 ø) was different by about 2 months (determined only for the third deployment).
Transport Variability
The main goal of this investigation was to quantify the transport fluctuations of the DWBC (upper and middle NADW levels) at the equator. For this purpose the alongshore current components at 10-day resolution, as described above, were used. The mean DWBC flow (Figure 11 ) served as a structure function to relate the currents from the different deployment periods to transport fluctuations on timescales shorter than a year. The hypothesis thereby was that the shape of the DWBC remained unchanged while the current amplitudes might vary, that is, the DWBC pulsed rather than meandered. To test this hypothesis an EOF analysis was performed for the six RCMs of the third deployment period, which were within the core of the DWBC. The calculations were based on time series of 10-day means. The most interesting result was that the first EOF, which had its maximum at the coast and decayed offshore, explained 91% of the total variance. The shape July. Maximum transports determined were between 23 and 27 Sv during January to March, while in September/October the DWBC nearly vanishes. Both time series had about the same mean transport of 13 Sv, as is expected for a structure function that is representative for the appearence of the DWBC at any time.
However, due to the shortness of the two time series the annual mean might be a little smaller. Apparently, October, which was partially missed in both records, should have low transports. This was supported by extending the time series from 1992/1993 into that period by the available records (see Figures 3, and 4) . Then the annual mean transport was 12 Sv, that is, 1 Sv lower than the average of the time series in Figure 11 . For both deployments the seasonal transport harmonics explained a large part of the transport variability, 58% of the variance in the period 1990/1991 and 77% for the period 1992/1993 ( Figure 13 and Table 3 ). Annual and semiannual fluctuations were about equally important, with amplitudes between 4.8 and 7.1 Sv (Table 3) .
With respect to phases, there was close correspondence between the two deployment periods for the semiannual oscillations.
The annual harmonics were shifted by about 50 days between the deployments, but due to the shortness of the time series the uncertainty of the fit was of similar magnitude (Table 3) (Table 2 ) at 44øW were within the range of estimates from the current meter arrays, but at this large variability and only three realizations the mean transport from the shipboard observations was rather uncertain.
Similarly, the mean 35øW transport (Table 2) should be treated with great care.
The first EOF showed the current maximum attached to the topography, and most of the current variability for timescales longer than 10 days was concentrated in the first EOF, with 91% of the total variance explained. Further, equal directions of maximum flow variance and mean flow, and the dominance of along-flow variance compared to cross-flow variance, led to the conclusion that most of the DWBC variability at 44øW was due to pulsing and not to meandering along the topography. This contrasts with the findings for the lower DWBC core farther upstream at 8øN, for which Johns et at.
[1993] found meandering to be important. As a consequence of the pulsation at 44øW, the mean DWBC flow pattern, here the upper and middle NADW layers, could be treated as a structure function for the transport fluctuations on annual and semiannual timescales. The only indication of a meandering contribution is the weak offshore flow maximum during November-December in Figure 14a . No significant interannual variability could be detected. Mean transports from subsets measured in different years differed by only 1-3 Sv, and a similar range of transports was obtained by different transport calculation methods applied to the full data set. Further, annual and semiannual transport harmonics for different years differed by 25%-30% (Table 3) 
Comparison of the Upper DWBC With SOFAR-Float Trajectories
The horizontal structure of the upper DWBC at 44øW at 1800 m depth is compared in Figure 15 with the DWBC structure evaluated from SOFAR floats [Richardson and Schmitz, 1993] . Bearing in mind that the latter was composed from float trajectories along the entire western boundary of the northern tropical Atlantic between 7øN and the equator, the offshore decay and the width (90-100 km) of the DWBC at 44øW is surprisingly similar. Further, there are indications both in the moored and float data of a stable recirculation offshore of the zero crossing of the flow. However, the range over which the DWBC varied (according to our study) at seasonal periods was large (Figure 15 ), especially near the topography where the current maximum was observed. This was also the area with the largest deviations between the two data sets; while the float data strongly decayed toward the topography, the cur-In all three surveys the transport of the core at the shelf break, across 35øW, amounted to 1-2 Sv only, indicating that the main DWBC flow occurred along the offshore edge of a chain of seamounts near 3.5øS (Figure 1) . This path of the DWBC is also supported by an individual 1800-m float trajectory of Richardson and Schmitz [1993] . It could further be speculated that the small core attached to the coast might be due to leakage through the gaps of the seamount chain farther upstream.
The eastward transport between of 1.5øS and the coast, depth range 1000 to 3100 m, increased from 6 Sv during early November (M22/2) to 20 Sv in mid March (M27/3) followed by a decrease to 15.5 Sv in early June (dots in Figure 13) 
